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Mosquito larvaeAbstract Synthesis of silver nanoparticles has the potential to be utilized as a good, eco-friendly
approach for the control of mosquito population. In the present study, synthesis of silver nanopar-
ticles using isoamyl acetate isolated from Annona squamosa against mosquito larvae was carried
out. The synthesized Ag NPs were characterized by UV, XRD, FTIR and FESEM. The FESEM
analyses were clearly spherical and cluster shaped. First to fourth instar mosquito larvae were
exposed to varying concentrations of isoamyl acetate and synthesized Ag NPs for 24 h. The highest
mortality was observed in synthesized Ag NPs against first to fourth instars of (LC50 = 2.50, 2.78,
3.02, 3.05 lg/ml LC90 = 7.52, 8.34, 9.06, 9.15 lg/ml) and Culex quinquefasciatus (LC50 = 2.75,
3.00, 3.21, 3.48 lg/ml; LC90 = 8.25, 9.01, 9.63, 10.44 lg/ml), respectively. The colloidal solution
of silver nanoparticles was found to exhibit mosquito larvicidal activity against dengue and filariasis
vector.
 2016 The Egyptian German Society for Zoology. Production and hosting by Elsevier B.V. This is an
open access article under the CC BY-NC-ND license (http://creativecommons.org/licenses/by-nc-nd/4.0/).Introduction
Mosquito’s canister spreads more diseases than any other
group of arthropods and affects million of people throughout
the world. Mosquito borne diseases are prevalent in more than
100 countries across the world, infecting several people of theIndian population every year. Dengue is a mosquito-borne
viral infection found in tropical and subtropical regions
around the world; its major vector is the mosquito Aedes
aegypti. Recently, dengue transmission has strongly enlarged
in urban and semiurban areas, becoming a major global public
health concern and over 2.5 billion people are now at risk from
dengue. The World Health Organization estimates that there
may be 50–100 million dengue infections worldwide every year
(WHO, 2012). Lymphatic filariasis is caused by Filarioidea
nematodes (i.e., Wuchereria bancrofti, Brugia malayi, and Bru-
gia timori). Microfilariae are transmitted to humans by differ-
ent mosquitoes. Culex species, with a special reference to Culex
quinquefasciatus, are the most familiar vectors across urban
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with genital disease and over 15 million people are afflicted
with lymphoedema (WHO, 2014).
To prevent proliferation of mosquito borne diseases and to
improve quality of upbringing and public health, mosquito
control is essential. The major tool in mosquito control process
is the application of synthetic insecticides such as organochlo-
rine and organophosphate compounds. But this has not been
very successful due to human, technical, operational, ecologi-
cal, and economic factors. In recent years, use of many of
the former synthetic insecticides in mosquito control program
has been limited. It is due to lack of new insecticides, high cost
of synthetic insecticides, concern for environmental sustain-
ability, harmful effect on human health and other non-target
populations, their non biodegradable environment, higher rate
of biological magnification through ecosystem and increasing
insecticide battle on a global scale (Ghosh et al., 2012).
At the moment nanoparticles have drawn the attention of
scientists, because of their extensive application in the develop-
ment of new technologies in the areas of electronics, material
sciences, catalyst and drug at the nanoscale. The development
of green processes using aqueous extracts for the synthesis of
nanoparticles is evolving into a central branch of nanotechnol-
ogy (Roopan et al., 2013). The use of environmentally benign
materials like plant leaf extract, bacteria and fungi for the syn-
thesis of metal nanoparticles offers several benefits such as eco-
friendliness and compatibility for pharmaceutical and other
biomedical applications as they do not use toxic chemicals in
the synthetic protocols.
Annona squamosa L. (Annonaceae) is well known for its
edible tropical fruits, custard apple and is mostly distributed
in America and Asia. It is reported that this plant acquires
numerous medicinal properties (Bermejo et al., 2005) such as
antimicrobial and insecticidal activities. In this paper, for the
first time we studied the potential of silver nanoparticle pro-
duction using isoamyl acetate isolated from A. squamosa leaf
ethyl acetate take out as the biomaterial.
Materials and methods
Material
Fresh leaves of A. squamosa were collected from Karadimalai
village in Vellore district of Tamil Nadu India and identified by
Dr. Jayaraman, Taxonomist, Retired Professor, Presidency
College, Chennai. The voucher specimen was numbered and
kept in our research laboratory for further reference. Solvents
and silver nitrate, were purchased from Himedia, Mumbai,
India.
Successive Soxhlet extraction and fractionation
A. squamosa leaf powder (1 kg) was extracted from ethyl acet-
ate in Soxhlet apparatus, the extracts were evaporated using a
rotary vacuum evaporator and crude extracts were stored at
4 C until used. Fifteen grams of crude ethyl acetate extract
of A. squamosa leaves was subjected to silica gel (60–120 mesh)
column and eluted with hexane containing increasing amounts
of ethyl acetate. Totally 97 fractions were collected from
50 mL each, these fractions were pooled to afford 12 major
fractions (Fr. 1: 1–6, Fr. 2: 7–11, Fr. 3: 12–19, Fr. 4: 20–31,Fr. 5: 32–39, Fr. 6: 40–51, Fr. 7: 52–56, Fr. 8: 57–63, Fr. 9:
64–73, Fr. 10: 74–81, Fr. 11: 82–91 and Fr. 12: 92–97) based
on TLC analysis. The ceiling mortality of mosquito larvae
was observed from fraction ten and FTIR, 1H NMR and
13C analyses.
Synthesis of silver nanoparticles
Aqueous solution 0.5 mM of silver nitrate (Ag NO3) was
freshly prepared with double distilled water and used for the
synthesis of silver nanoparticles. 12 mL of isoamyl acetate
was added to 88 mL of 0.5 mM Ag NO3 solution. The effect
of temperature on the synthesis of silver nanoparticles was car-
ried out at 60 C. Synthesized Ag NPs were characterized using
UV, XRD, FTIR and FESEM studies.
Insect rearing and mosquito larvicidal activity
Mosquito A. aegypti larvae were collected from water tank,
broken bottles, small water courses and C. quinquefasciatus
larvae were from drainage, septic tank, cock pits, polluted
water area of our campus surrounding areas. To start the col-
ony, the larvae were kept in plastic and enamel trays contain-
ing tap water. They were maintained and reared in the
laboratory as per the Kamaraj et al. (2008) method. The larvae
of A. aegypti and C. quinquefasciatus were collected from the
insect rearing cage and identified in entomology research insti-
tute, Loyola College in Chennai. The larvicidal activity was
assessed by the procedure of WHO (1988) with minor modifi-
cations. 100 mg of isoamyl acetate and 10 mg of synthesized
AgNPs were first dissolved in 1 L of double distilled water
(stock solution). From the stock solution, the various concen-
tration ranging from 5 to 25 ppm (for isoamyl acetate) and 2–
10 lg/ml (for synthesized Ag NPs). Each test included a set of
control groups (distilled water) with five replicates for each
individual concentration. The death of the larvae was con-
firmed when there was cessation of motility upon touching
with a needle. The dose–response data were subjected to probit
analysis to determine the LC50 and LC90 values for the 24 h
exposure under constant climatic conditions.
Bioassay for non-target organisms
The effect of synthesized nanoparticles was tested against non-
target aquatic species, like Mesocyclops pehpeiensis. The non-
target species were collected from parent mosquito breeding
stagnant water, local ponds and fish farms and were main-
tained in the lab at 27 ± 2 C and 75–85% relative humidity.
About 10 mg of synthesized Ag NPs was dissolved in 1 L of
distilled water (Stock solution). From the stock solution,
50 mg/mL was prepared with tap water. For bioassay test,
non-target species were taken in five batches of 10 in 999 mL
of water and 1 mL of the desired synthesized Ag NPs at
25 lg/ml concentrations. The control will be set up with dis-
tilled water. The numbers of dead species were counted after
24 h of exposure and the percentage mortality will be reported
from the average of five replicates. The uncovered species were
observed continuously for a week to understand the post treat-
ment effect of the synthesized Ag NPs on survival and swim-
ming activity.
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The average larval mortality data were subjected to probit
analysis, for calculating LC50 and LC90, values were calculated
by using the Reddy et al. (1992) method. SPSS (Statistical soft-
ware package) 16.0 version was used.
Results and discussion
Larvicidal bioassay
In the present study, the larvicidal activity of twelve fractions
from A. squamosa and synthesized Ag NPs was noted;Figure 1 Larvicidal activity of isoamyl acetate.
Table 1 Larvicidal activity of isoamyl acetate (Fr. 10) and synthesi
and C. quinquefasciatus.
Extracts/materials Species Larvae instars L
Isoamyl acetate (Fr. 10) Aedes aegypti 1st 1
2nd 1
3rd 1
4th 1
Culex quinquefasciatus 1st 1
2nd 1
3rd 1
4th 1
Synthesized AgNPs Aedes aegypti 1st 3
2nd 4
3rd 4
4th 4
Culex quinquefasciatus 1st 2
2nd 3
3rd 3
4th 3
Control–nil mortality; LC50, lethal concentration that kills 50% of the exp
larvae; LCL, lower confidence limit; UCL, upper confidence limit; r2, reghowever, the highest mortality was found in synthesized Ag
NPs against the larvae of A. aegypti and C. quinquefasciatus.
The results showed that the optimal hours for measuring the
percent mortality in isoamyl acetate were 90, 82, 69, 41 and
26; 88, 79, 67, 38 and 23; 86, 78, 63, 37 and 21; 83, 74, 58,
35 and 20 against 1st, 2nd, 3rd and 4th instar larvae of A. aegypti
(Fig. 1a) and 89, 82, 66, 38 and 24; 87, 80, 64, 35 and 22; 82, 74,
58, 33 and 19; 80, 72, 55, 27 and 16 against 1st, 2nd, 3rd and
4th instar larvae of C. quinquefasciatus at 24, 18, 12, 6 and
1 h, respectively (Fig. 1b). The mortality of isoamyl acetate
against first to fourth instars larvae of A. aegypti the values
of LC50 = 10.29, 10.72, 11.09, 11.77 ppm; LC90 = 31.22,
32.19, 36.14, 34.20 ppm and C. quinquefasciatus LC50 =
10.59, 11.10, 11.90, 12.71 ppm; LC90 = 32.11, 35.12, 37.48,
42.17 ppm, respectively (Table 1). However, the isoamyl acet-
ate tested for maximum mortality was observed in all the larval
stages of A. aegypti and C. quinquefasciatus. Annonaceae plant
family is used as a growth regulator against mosquito larvici-
dal activity (Bermejo et al., 2005). Ethyl acetate extracts of
A. squamosa tested caused mortality among the larvae of vec-
tor mosquito species to some extent. However, in the present
study higher mortality was observed in all the larval stages
of A. aegypti and C. quinquefasciatus. The larval mortality
slowly decreased when the larval ages increased. Similar results
were also obtained by Roopan et al. (2013), Kaushik and
Saini (2009). The n-hexadecanoic acid was isolated from
Feronia limonia leaves against fourth instar larvae of A. aegypti
and C. quinquefasciatus, with LC50 values of 57.23 and
129.24 ppm (Rahuman et al., 2000). Gymnemagenol was
isolated from Gymnema sylvestre against the fourth-instar
larvae of C. quinquefasciatus with LC50 values of 15.92 ppm
(Khanna et al., 2011). The b-amyrin isolated from the stem
of Duranta repens displayed strong activity against first to
fourth instars larvae of C. quinquefasciatus with LC50 values
of 7.75, 16.11, 28.63 and 26.53 ppm (Nikkon et al., 2010).
The 1st, 2nd, 3rd and 4th instar larvicidal activity optimal
hours for measuring the percent mortality in synthesized Ag
NPs showed 100, 80, 62, 43 and 36; 100, 78, 58, 45 and 36;zed AgNPs against first to fourth instars larvae of Aedes aegypti
C50 ppm (LCL–UCL) LC90 ppm (LCL–UCL) Slope r
2
0.29 (8.92–11.86) 31.22 (26.44–39.85) 72 0.888
0.72 (9.31–12.34) 32.19 (24.21–41.29) 69 0.982
1.09 (9.70–12.66) 34.14 (28.74–43.41) 80 0.878
1.77 (10.37–13.37) 35.20 (29.27–46.13) 38 0.889
0.59 (9.20–12.18) 32.11 (23.09–38.47) 69 0.886
1.10 (9.73–12.65) 35.12 (27.01–43.25) 83 0.788
1.90 (10.54–13.44) 37.48 (29.99–51.02) 61 0.892
2.71 (11.34–14.24) 42.17 (32.67–56.14) 74 0.886
.91 (2.53–6.05) 10.12 (7.15–16.48) 66 0.988
.11 (3.12–5.41) 14.15 (11.11–19.21) 45 0.999
.27 (3.27–5.42) 16.12 (12.02–21.09) 64 0.989
.51 (3.55–5.74) 16.66 (12.89–22.01) 41 0.982
.96 (2.16–4.08) 8.49 (6.18–11.91) 56 0.999
.33 (2.51–4.41) 11.15 (9.20–14.28) 52 0.989
.70 (2.81–4.89) 13.27 (11.28–08) 48 0.988
.93 (3.01–5.13) 16.28 (12.14–21.46) 68 0.999
osed larvae; LC90, lethal concentration that kills 90% of the exposed
ression coefficient.
Figure 2 Graph showing the mosquito larvicidal activity of
synthesized AgNPs.
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(Fig. 2a) and 100, 100, 78, 55 and 37; 100, 100, 75, 48 and 36;
100, 92, 68, 44 and 35; 100, 90, 66, 44 and 33 against
C. quinquefasciatus at 24, 18, 12, 6 and1 h, (Fig. 2b). The high-
est mortality of synthesized Ag NPs against first to fourth
instars larvae of A. aegypti the values of (LC50 = 2.50, 2.78,
3.02, 3.05 lg/L; LC90 = 7.52, 8.34, 9.06, 9.15 lg/L) and
C. quinquefasciatus (LC50 = 2.75, 3.00, 3.21, 3.48 lg/L;
LC90 = 8.25, 9.01, 9.63, 10.44 lg/L) (Table 1), respectively.
The bioassay water samples decreased Optical density and
increased the concentration of synthesized Ag NPs from 2 to
10 lg/ml. This result indicates that the level of nitrite was
decreased after using the synthesized AgNPs. Veerakumar
et al. (2014) synthesized Ag NPs using Heliotropium indicum
leaves against late third instar larvae of A. aegypti
(LC50 = 20.10; LC90 = 35.97 mg/mL) and C. quinquefasciatus
(LC50 = 21.84; LC90 = 38.10 mg/mL). The synthesized Ag
NPs using aqueous extract of F. racemosa against C. quinque-
fasciatus LC50 = 12.00 mg/L (Velayutham et al., 2013). To the
best of our knowledge there is no report in the literature for the
control of mosquito population by using synthesized Ag NPs
using isoamyl acetate. This is an ideal eco-friendly approach
for the control of dengue and filariasis vectors.
In addition, the toxicity test was studied to analyze the tox-
icological effects of particle size onM. pehpeiensis for 24 h. No
mortality was noted in the M. pehpeiensis and no adverse
effects were noted on other aquatic organisms after exposureFigure 3 Structure of isoamyl acetate isolated from the leaves of
Annona squmosa.to the applied materials. Ramanibai and Velayutham (2015)
silver nanoparticles biosynthesized using the 2,7-bis[2-
[diethylamino]-ethoxy] fluorescence isolate from theMelia aze-
darach leaves did not show acute toxicity against M. pehpeien-
sis copepods. Nair et al. (2011) observed that the Ag NPs did
not have acute toxicity against the fourth instar larvae of the
aquatic midge Cophixalus riparius up to 2 mg/L of Ag NPs
in 24 h. Zhao and Wang (2011) also reported that no mortality
was observed in the 48-h acute toxicity test when the daphnids
were exposed up to 500 mg/L Ag NPs. Overall, current
research suggests that the use of these Ag NPs in integrated
vector control program is safe for other inhabitants in same
aquatic environment of mosquito larvae.
Chromatographic purification
The isolated fractions were monitored by TLC until a single
spot was obtained. The plates were air-dried and exposed to
iodine chamber to locate the spots. Isoamyl acetate showed a
single band with Rf values of (0.28). The identification and
characterization of the purified compounds were elucidated
by the analysis of spectroscopic data.
Spectroscopic data of the isolated compound column chro-
matography of the ethyl acetate soluble extract of A. squamosa
give isoamyl acetate compound (Fig. 3). 1H NMR spectrum
isoamyl acetate the strong signal observed at d= 4.76–
4.81 ppm is due to ‚CAH. Signal at d= 5.35 ppm could be
due to aliphatic AOH group, whereas the signals appearing
between d= 1.26 and 1.32 ppm are related to aliphatic
CACH2AC groups. Since the signal due to alcoholic group
is expected to shift to a higher value if alcoholic and non-
alcoholic groups coexist. The small signal at d= 1.45 is related
to aliphatic ACH2A groups in saturated cyclic structures or
ACH groups. Signals at d= 1.79 and d= 1.80 ppm could
be associated to olefinic CH3AC‚C or CH3AC‚O groups,
where the latter could also be responsible for the signal at
d= 2.33 ppm. These signals are thought to be due to the CH3-
AC‚C group since the signals related to the CH3AC‚O
group are expected to appear at d> 2.00. The CACH2AC‚O
group can be responsible for the signal at d= 2.37 ppm. The
aldehyde group can be responsible for the signal at
d= 9.76 ppm. It should be noted that no signal appears in
the d= 6–8 ppm and d= 10–12 ppm ranges in which signals
due to aromatic and carboxylic acids are expected. 13C
NMR (CDCl3, 100 MHz): d 176.1 (C-4), 134.3 (C-1) and
44.1 (2 OCH3), respectively.
Synthesized Ag NPs
UV–vis spectra of the mixture of isoamyl acetate –AgNO3
solution recorded against time of reaction, which reveal a clear
surface plasmon resonance (SPR) band at 420 nm become
apparent after 10 min of reaction and gradually increase in
the absorbance during periodic intervals of 1–11 min (Fig. 4A).
The samples displayed peak absorbance around 420 nm, typi-
cal of absorption of metallic silver nanoclusters due to the SPR
which increases with time period. The increase in intensity
could be due to increasing number of nanoparticles formed
as a result of reduction of silver ions present in the aqueous
solution. The mixture of isoamyl acetate–AgNO3 solution
color was noted by visual observation (Fig. 4B). The solution
Figure 4 (A) UV–vis absorption spectrum of biosynthesized Ag nanoparticles isoamyl acetate (B) color changes during AgNP
formation.
Figure 5 X-ray diffraction pattern of silver nanoparticles.
20 K. Velayutham, R. Ramanibaicolor was changed from colorless to dark brown after 10 min
which has been presented.
XRD patterns of Ag NPs synthesized of Bragg reflections
with 2h values of 34.69, 38.20, 44.41 and 66.87 assigned
to the (121), (111), (200) and (220) sets of crystalline
planes are observed which may be indexed as the band for
face centered cubic structures of silver (Fig. 5). XRD
patterns of Ag NPs synthesized from seed extract of
Medicago sativa showed distinct diffraction peaks at
38.32, 44.48, 64.68, and 77.64 corresponding to the
respective (111), (200), (220) and (311) crystalline planes
(Lukman et al., 2011). The XRD pattern of pure silver ions
is known to display peaks at 2h= 7.9, 11.4, 17.8, 30.38
and 44 (Gong et al., 2007). Therefore, XRD results also
suggest that crystallization of the bioorganic phase occurs
on the surface of the Ag NPs.
FTIR band intensities in different regions of the spectrum
for the isoamyl acetate and synthesized AgNPs test samples
were analyzed (Fig. 6). There was a shift in the following peak
and the spectra showed sharp and strong absorption band at
3448–3424 cm1 assigned to the stretching vibration of OAH
stretch, HAbond. The presence of the sharp peak at 2922 cm1 was assigned to CAH and CAH (methoxy
compounds) stretching vibration. The band 1735 cm1 devel-
oped for C‚O stretch and commonly found in the aldehydes,
saturated aliphatic. The peak at 1644.9 cm1 refers to the
AC‚CA stretch vibration of primary alkenes. FTIR spectrum
of the most intense band at 1620–1636 cm1 represents car-
bonyl groups from polyphenols such as, gallocatechin gallate
and the aflavin; the results suggest that molecules attached
with Ag NPs have free and bound amide groups. These amide
groups may also be in the aromatic rings. This concludes that
the compounds attached with the Ag NPs could be polyphe-
nols with an aromatic ring and bound amide region
(Velayutham et al., 2013). The carbonyl groups of the amino
acid residues and the peptides have strong ability to bind to
the silver. It is also reported that the proteins can bind to
nanoparticles either through free amine or cysteine groups in
proteins (Mandal et al., 2005). This suggests the attachment
of some polyphenolic components onto Ag NPs. This means
that polyphenols attached to Ag NPs may have at least one
aromatic ring.
FESEM micrograph shows the synthesized nanoparticles
were spherical and cluster shaped (Fig. 7). The EDX attach-
ment with the FESEM was known to provide information
on the chemical analysis of the fields that are being investi-
gated or the composition at specific locations. The EDS profile
shows a strong silver signal along with weak oxygen and car-
bon peaks, which may have originated from the biomolecules
bound to the surface of the silver nanoparticles. Aluminum
peaks may be due to the same being present in the grids. In
representative profile of the spot EDX analysis was obtained
by focusing on Ag NPs.
Chemistry involved in Ag NP formation
Literature report reveals that reducing sugars and terpenoids
are proposed to play a key role in the reduction of silver ions
and the formation of corresponding nanoparticles, while
ketones/aldehydes bind to emerging spherical nanoparticles
to form large nanotriangles and hexagons. However, biochem-
ical pathways responsible for the production of metal
Figure 6 FTIR spectrum of (a) isoamyl acetate (b) synthesized silver nanoparticles using isoamyl acetate.
Figure 7 FESEM analysis of synthesized silver nanoparticles (a–c) 300 nm and (d) EDX spectrum of the biomass showing presence of
silver.
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Mechanisms of toxicity are still poorly understood although
it seems clear that in some cases, nanoscale specific properties
may cause bio-uptake and toxicity over and above that caused
by the dissolved Ag ion. The exact mechanism of the forma-
tion of these nanoparticles in these biological media isunknown. Presumably biosynthetic products or reduced cofac-
tors play an important role in the reduction of respective salts
to nanoparticles. It seems quite probable that the phenols play
an important part in the reduction of ions to Ag NPs as the
concept of antioxidant action of phenol compounds is not
new.
Figure 8 Possible route for silver nitrate into silver nanoparticles.
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We have successfully synthesized the Ag nanoparticles using
isoamyl acetate isolated from A. squamosa leaf ethyl acetate
extract. These synthesized Ag NPs were characterized using
UV, XRD, FTIR and FESEM. All synthesized Ag NPs were
evaluated for larvicidal activity against A. aegypti and C. quin-
quefasciatus. The compound was purified by column chro-
matography using hexane–ethyl acetate (65:35, v/v) as
eluting solvents. Furthermore, the effect of synthesized Ag
NPs was tested against non target aquatic species, like cope-
pods. From this, we concluded that the silver Ag NPs are
non toxic.Acknowledgements
The authors are thankful to University Grants Commission,
New Delhi, India for providing financial assistance through
MRP (RR) (F. No. 42-630/2013 SR).
References
Bermejo, A., Figadere, B., Zafra-Polo, M.C., Barrachina, I., Estornell,
E., Cortes, D., 2005. Acetogenins from annonaceae: recent progress
in isolation, synthesis and mechanisms of action. Nat. Prod. Rep.
22, 269–303.
Ghosh, A., Chowdhury, N., Chandra, G., 2012. Plant extracts as
potential mosquito larvicides. Indian J. Med. Res. 135, 581–598.
Gong, P., Li, H., He, X., Wang, K., Hu, J., Tan, W., Zhang, S., Yang,
X., 2007. Preparation and antibacterial activity of Fe3O4@Ag
nanoparticles. Nanotechnology 18, 285604.
Kamaraj, C., Rahuman, A.A., Bagavan, A., 2008. Antifeedant and
larvicidal effects of plant extracts against Spodoptera litura (F.),
Aedes aegypti L. and Culex quinquefasciatus Say. Parasitol. Res.
103, 325–331.
Kaushik, R., Saini, P., 2009. Screening of some semi-arid region plants
for larvicidal activity against Aedes aegypti mosquitoes. J. Vector
Borne Dis. 46, 244–246.
Khanna, V.G., Kannabiran, K., Rajakumar, G., Rahuman, A.A.,
Santhoshkumar, T., 2011. Biolarvicidal compound gymnemagenol
isolated from leaf extract of miracle fruit plant, Gymnema sylvestre
(Retz) Schult against malaria and filariasis vectors. Parasitol. Res.
109, 1373–1386.Lukman, A.I., Gong, B., Marjo, C.E., Roessner, U., Harris, A.T.,
2011. Facile synthesis, stabilization, and anti-bacterial performance
of discrete Ag nanoparticles usingMedicago sativa seed exudates. J.
Colloid Interface Sci. 353 (2), 433–444.
Mandal, S., Phadtare, S., Sastry, 2005. Interfacing biology with
nanoparticles. Curr. Appl. Phys. 5, 118.
Nair, P.M., Park, S.Y., Lee, S.W., Choi, J., 2011. Differential
expression of ribosomal protein gene, gonadotrophin releasing
hormone gene and Balbiani ring protein gene in silver nanoparticles
exposed Chironomus riparius. Aquat. Toxicol. 101, 31–37.
Nikkon, F., Salam, K.A., Yeasmin, T., Mosaddik, A., Khondkar, P.,
Haque, M.E., 2010. Mosquitocidal triterpenes from the stem of
Duranta repens. Pharm. Biol. 48, 264–268.
Rahuman, A.A., Gopalakrishnan, G., Ghouse, B.S., Arumugam, S.,
Himalayan, B., 2000. Effect of Feronia limonia on mosquito larvae.
Fitoterapia 71, 553–555.
Ramanibai, R., Velayutham, K., 2015. Bioactive compound synthesis
of Ag nanoparticles from leaves of Melia azedarach and its control
for mosquito larvae. Res. Vet. Sci. 98, 82–88.
Reddy, P.J., Krishna, D., Murthy, U.S., Jamil, K., 1992. A micro-
computer FORTRAN program for rapid determination of lethal
concentration of biocides in mosquito control. CABIOS 8, 209–
213.
Roopan, S.M., Madhumitha, G., Rahuman, A.A., Kamaraj, C.,
Bharathi, A., Surendra, T.V., 2013. Low-cost and eco-friendly
phyto-synthesis of silver nanoparticles using Cocos nucifera coir
extract and its larvicidal activity. Ind. Crop Prod. 43, 631–635.
Veerakumar, K., Govindarajan, M., Rajeswary, M., Muthukumaran,
U., 2014. Mosquito larvicidal properties of silver nanoparticles
synthesized using Heliotropium indicum (Boraginaceae) against
Aedes aegypti, Anopheles stephensi and Culex quinquefasciatus
(Diptera: Culicidae). Parasitol. Res. 113 (6), 2363–2373.
Velayutham, K., Rahuman, A.A., Rajakumar, G., Roopan, S.M.,
Elango, G., Kamaraj, C., Marimuthu, S., Santhoshkumar, T.,
Iyappan, M., Siva, C., 2013. Larvicidal activity of green synthesized
silver nanoparticles using bark aqueous extract of Ficus racemosa
against Culex quinquefasciatus and Culex gelidus. Asian Pac. J.
Trop. Med. 6 (2), 95–101.
WHO 1988. Instructions for determining the susceptibility or resis-
tance of mosquito larvae to insecticides. WHO/VBC/81.807,
Geneva.
WHO, 2012. Handbook for Integrated Vector Management. World
Health Organization, Geneva.
WHO, 2014. Lymphatic filariasis. Fact sheet N 102.
Zhao, C.M., Wang, W.X., 2011. Comparison of acute and chronic
toxicity of silver nanoparticles and silver nitrate to Daphnia magna.
Environ. Toxicol. Chem. 30, 885–892.
